
6/7 zp/ 



FEB 2 1 2C01 1! • ^ffi" 

PATENT APPLICATION 2- 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of 

Jean-Pierre BALECH Attorney Docket Q62176 DECEIVED 

F^R 2 2 ?nni 

Appln.No.: 09/736,181 Group Art Unit: 2631 ^ uu ' 

TecfinoSogy Center 2600 

Confirmation No.: 8795 Examiner: Not yet assigned 

Filed: December 15, 2000 

For: A METHOD FOR ENHANCING THE CAPACITY OF A CELLULAR RADIO- 
COMMUNICATION SYSTEM AND CORRESPONDING SYSTEM 

SUBMISSION OF PRIORITY DOCUMENT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Submitted herewith is a certified copy of the priority document on which a claim to 
priority was made under 35 U.S.C. § 1 19. The Examiner is respectfully requested to 
acknowledge receipt of said priority document. 

Respectfully submitted, 




SUGHRUE, MION, ZINN, David J. Cus! 

MACPEAK & SEAS, PLLC Registration No. 28,703 

2100 Pennsylvania Avenue, N.W. 
Washington, D.C. 20037-3213 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 

Enclosures: CERTIFIED COPY OF EUROPEAN APPLICATION NO. 00440019.8 



Date: February 21, 2001 



Page Blank (uspto) 



Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Bescheinigung Certificate Attestation 




Les documents fixes a F*"^ 2 I ?001 
cette attestation sont 

conformes a la vers^jft^QOT Center 2600 
initialement deposee de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprunglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patent anmel- 
dung uberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Patentanmeldung Nr. Patent application No. Demande de brevet n° 

00440019.8 



Der President des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 

Le President de V Off ice europeen des brevets 
p.o. 



MuNCHEN,DEN 

MUNICH, 06/02/01 
MUNICH, LE 

EPA/EPO/OEB Form 2540 - 02.91 




■;: page Blank (uspto) 



Europaisches European Office europeen 

Patentamt Patent Office des brevets 



Blatt 2 der Bescheinigung 
Sheet 2 of the certificate 
Page 2 de I 'attestation 



Anmeldung Nr.: 
Application no.: 
Demande n°: 

Anmelder: 

Applicant(s): 

Demandeur(s): 

ALCATEL 

75008 Paris 

FRANCE 



00440019.8 



Anmeldetag: 
Date of filing: 
Date de depot: 



25/01/00 



Bezerchnung der Erfindung: 
Title of the invention: 

Titre de I'invention: 4 

A method for enhancing the capacity of a cellular radio-communication system and corresponding 
system 



In Anspruch genommene Prioriat(en) / Priority(ies) claimed / Priorite(s) revendiquee(s) 



Staat 
State 
Pays 



Tag: Aktenzeichen: 

Date: File no 

Date: Numero de depot: 



Internationale Patent klassifikat ion: 
International Patent classification: 
Classification internationale des brevets: 

H04L1/00 



Am Anmeldetag benannte Vertragstaaten: 

Contracting states designated at date of filing: AT/BE/CH/CY/DE/DK/ES/FI/FR/GB/GFVIE/IT/Ll/LU/MC/NL/PT/SE/Ty 
Etats contractants designes lors du depot: 

Bemerkungen: 
Remarks: 
Re marques: 



EPA/EPO/OEB Form 2541 



- 11.00 




This Page Blank (uspto) 



25-01-2000 \^ EP00440019.8 M SPEC 

1 

A METHOD FOR ENHANCING THE CAPACITY Ol 6 A CELLULAR 
RADIO-COMMUNICATION SYSTEM AND CORRESPONDING 

SYSTEM 

5 The field of the present invention is that of cellular radio- 

communication systems and more particularly systems supporting multiple 
modulation schemes. 

The capacity of the cellular radio-communication system can be 

10 defined as the average bit rate per sector, a sector being viewed as a 
communication channel in the radio communication system. In a cellular 
deployment, the capacity is directly related to the carrier to interference ratio 
value (C/l) achieved in the different sectors of the system. 

For a given modulation scheme, the demodulator performance in 

15 term of bit error rate (BER) determines the operating point of the radio 
communication system. Depending on the channel coding, this BER 
performance can be greatly improved but this should be balanced with the 
loss of capacity due to the overhead of the channel coding. 

In the following description, we refer to the usage of two 

20 modulation schemes having different modulation efficiency, for example 
4QAM and 16QAM. The modulation efficiency corresponding to the 
number of coded bits per symbol. The invention can also be applied to any 
type of modulations having different modulation efficiency. 

If the BER before channel decoding at a receiver of the cellular 

25 radio communication network is lower than a predefined threshold value, 
for example 10" 4 , the use of an appropriate error correcting code, for 
example Reed-Solomon code, leads to a quasi error free channel after 
decoding. The BER lower than the predefined threshold value are obtained 
by ensuring different C/l values at the receiver depending on the 
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modulation scheme used. The necessary C/l values at the receiver to get a 
BER of 10 4 are assumed to be 12 dB for 4QAM and 19 dB for 16QAM. 
These values allow an implementation margin of 2dB. If we assume that the 
maximum output power is reached for 4QAM, we need a 2dB more back- 
5 offfor16QAM. 

Parameters to calculate the C/l at the receiver side are the position 
of interfering distant users, the output power amplifier, the antenna gains , 
the signal bandwidth and the receiver noise figure. However, if in the up- 
link a power control is performed, the interference level and the C/l value at 
10 a receiving base station depends mainly on the positfon of interfering 
distant end-users. 

The following description analyses the capacity enhancement in the 
up-link direction of a radio communication system, for example a cellular 

15 system using frequency reuse, deployed with several frequency channels 
using the same polarization. The invention can be extended to a radio 
communication system deployed with frequency channels using cross- 
polarization. The radio communication system is assumed to use link 
adaptation depending on the time varying link quality. 

20 Figure 1 helps to analyze the interference level in a known cellular 

radio communication system using a rectangular cell pattern with 90° 
sectoring. 

Figure 1 shows an ideal representation of a cellular system 
extending over an area covered by 5*5 bases stations located on a 
25 rectangular grid. The base stations are represented by heavy dots* A base 
station is situated in the middle of a rectangular cell divided in four 90° 
sectors each one supporting a different frequency channel. The different 
filling effects represent the different frequency channels used in the different 
sectors- 
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Let call the lower left base station of figure 1 , reference base station 
Bl . The upper right sector of the reference base station Bl , called reference 
sector SI, uses a frequency channel represented by discontinuous lines bent 
to the right side of figure 1 > 
5 In the uplink, a end-user located in a given sector transmits its 

signal toward the base station belonging to this sector with a predefined 
directivity depending on the antenna of the end-user. 

Possible interference in the reference sector SI only come from end 
users located in distant sectors using the same frequency channel as 

10 reference sector SI . If the antenna directivity is assumed to be very narrow, 
only distant end-users aligned with their corresponding base station and 
with the reference base station Bl generate interference in the reference 
sector Si. With the cell pattern described in figure 1, interfering end-users 
located along bold portions of lines LI, L8 in sectors of distant base 

15 stations using the same frequency channel as reference sector SI generate 
interference at the reference base station Bl . 

The level of interference depends on the distance between the 
interfering end-users and the reference base station Bl. Three locations 
along bold portions of line LI, L2, L3 give a C/l up to 14 dB if interfering 

20 end-users are located on them. Five more locations represented by bold 
portions of line L4, L8 give a C/l of 19 dB and seven locations not 
represented on figure 1 an interference level of 22dB below the carrier 
level. Depending on the traffic at these locations, the end-users located in 
the reference sector SI are affected by these interfering end-users. 



25 



In prior art solutions, the worst case is considered to determine the 
interference level to be token into account for the whole sector. In that case 
a C/l of 14dB is the worst case. To ensure a BER of 10* 4 before decoding 
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the use of a 4QAM in the sedor can be appropriate. The disadvantage of 
this worst case is that it is sub optimal. 

As the interference level can vary quickly depending on the traffic 
5 along the bold lines LI, L8 in the sectors using the same frequency 
channel as the reference sector SI, a possible solution to enhance the 
radio-communication system capacity would consist in adapting the link 
capacity to interference level in real time. 

This solution could be achieved by the use of adaptive antennas. 
10 This kind of product is, however, not yet available and seems not to be 
available soon for the millimetrk frequency range. 

A particular object of the present invention is to provide a method 
for enhancing the capacity of o cellular radio communication system with 
15 reduced needs of real-time requirements. 

This object,, and other that appear below, are achieved by a 
method of enhancing the capacity of a cellular radio-communication 
system, each cell of which comprising a base station and end-users able to 

20 communicate with the base station by using a first modulation type over a 
first communication channel. Any cell experiences an interference level from 
distant end-users communicating with their corresponding distant base 
station by using the same first communication channel. According to the 
method of the invention, the end-users located in at least one domain of the 

25 cell in which the interference level is lower than a predefined interference 
level communicate with the base station by using a second modulation type 
over a second communication channel, where the second modulation type 
has a higher efficiency than said first modulation type. The size and location 
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of the domains depend on the antenno directivity of the end-users and on 
the relative positions of the distant base stations and the base station. 

An advantage of the present invention is to enhance the capacity of 
a cellular network with low costs. 
5 The present invention also concerns a cellular system according to 

claim 6. 

Other characteristics and advantages of the invention will appear 
on reading the following description of a preferred implementation given by 
10 way of non limiting illustration, and from the accompanying drawings in 
which: 

Figure 1 is a known cellular radio communication system using a 
rectangular cell pattern with 90* sectoring; 

Figure 2 shows a cell of the cellular system as showed in figure 1 
15 supporting two modulations types on two communication channels 
according to the present invention; 

Figure 3 shows a cell of the cellular system as showed in figure 1 
supporting two modulations types on four communication channels 
according to the present invention. 

20 

As already described above, the bold portions of lines, LI, L8 
represented in figure 1 are situated on five directions which are source of 
interference and incompatible with the use of a higher efficiency 
modulation. On the contrary other directions are affected by very low 
25 interference and are compatible with the use of a higher efficiency 
modulation. The five above mentioned directions in reference sector SI, 
and an area around these directions {to take into account the non 
negligible antenna directivity; a possible antenna directivity is 6°), are 
preferably assigned to a dedicated first communication sub-channel used, 
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The modulation used on this first sub-chonnel is 4QAM. The other regions 
are preferably assigned to a second sub channel different from the first sub- 
channel* The modulation used on this second sub-channel is preferably 16 
QAM. 

5 With an antenna directivity of 6° (worst case) at the end-user side, 

the portions of the sector SI not suitable for the use of 16QAM, i.e. 
experiencing a C/l lower than 19dB have been calculated. This is shown in 
figure 2. Figure 2 represents the reference sector SI of figure 1 . 

The users located in the five sub-areas SAT, SA5 use the first 

10 communication sub-channel with 4QAM modulation and the end-users 
located in the rest of the sector use the second communication sub-channel 
with the 16QAM modulation. Preferably, the communication sub-channels 
used in the reference sector SI as shown in figure 1 correspond each one to 
the half of the bandwidth allocated in prior art system to a sector. 

15 The total area where a 16QAM modulation can be used represents 

54% of the cell area, the other 46% corresponding to a area where the 4 
QAM modulation has to be used* If the users are uniformly distributed in 
the cell, the capacity enhancement is equal to 1x0.54+2x0.46=1.46 
compared to the 4 QAM capacity being taken as unit The rain effect has 

20 little influence on the value of this coefficient. 

In another embodiment of the invention, the original frequency 
channel is divided in four sub-channels having each one 1/4 of the 
bandwidth of the whole bandwidth allocated in prior art systems to a sector. 
25 The reference sector SI is divided in four types of regions. 

Figure 3 represents the reference sector SI, the two types of striped 
areas are the areas where an end-user can experience a high level of 
interference from other distant sectors. The end-users inside these striped 
areas are then assigned to 2 specific sub-channels using a 4 QAM 
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modulation scheme. The two type of punctured areas are the areas where a 
end-user can experience smallest level of interference from other distant 
sectors. These punctured areas can then use the further two communication 
sub-channels with a 1 6 QAM modulation scheme. 

5 

As showed in the above description, the present invention provides 
a method to enhance the capacity in the up-link of a cellular radio 
communication network by assigning some parts of the sectors to dedicated 
sub-channels and using both 4QAM and 16 QAM modulations. 
10 The invention also apply to any cellular radio communication 

network having any topology provided the location of the* base station ond 
the sectors of the cell are known. 

The cellular radio communication system according to the invention 
15 comprises preferably fixed end-users communicating over a radio link with 
their corresponding base station. The use of the modulation depending only 
on the location of the fixed end-user. The end-user may then only support 
the modulation type used in the domain where it is located. 

20 In another embodiment of the invention, the cellular radio 

communication system comprises mobile end-users which can move from 
one domain using a first modulation to another domain using a second 
modulation. In that case, the system should also support means for having 
the terminal switch from an first modulation type to another modulation 

25 type according to the place where it is currently moving to. This may be 
achieved by using a positioning system, as for example GPS, to follow the 
moves of the end-users and couple the results of the positioning system with 
a signaling mechanism to communicate to the end-user If it has to change 
the used modulation type. The base station in with the end-user is currently 
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located or the base station in association with the mobile switching center 
may be responsible for this procedure. 

The idea of the invention can also be applied to the down link 
direction of a cellular radio communication network. 
5 The idea of using sub-channeling an allocated bandwidth can be 

understood as described in the preferred embodiment of the invention as a 
frequency sub-channeling where the aflocoted bandwidth is divided in 
different frequency sub-channels. Another possibility can be a time sub- 
channeling where the allocated bandwidth is divided in several time sub- 
10 channels or a code sub-channeling where the allocated bandwidth is 
divided in several code sub-channels. 

The invention should not be restricted to the use of two different 
modulations having different efficiency. More than two modulations having 
different modulation efficiencies may be envisaged. 

15 
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CLAIMS 

1/ A method for enhancing the capacity of a cellular radio-communication 
5 system, o cell of said system comprising a base station and end-users able to 
communicate with said base station by using a first modulation type over a 
first channel, said cell experiencing an interference level from distant end- 
users communicating with at least one distant base station by using said first 
communication channel, said method being characterised in that end-users 

10 located in at least one domain of said cell in which said interference level is 
lower than a predefined interference level communicate with said base Station 
by using a second modulation type over a second communication channel, 
said second modulation type having a higher efficiency than said first 
modulation type, the size and location of said domains in said cell depending 

15 on the antenna directivity of said distant end-users and on the relative 
positions of said distant base stations and said base station* 

2/ A method according to claim 1, characterised in that said end-users are 
fixed terminals configured to use said second modulation type if they are 
20 located in said domains in which said interference level is lower than said 
predefined interference level and said first modulation type if not. 
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3/ A method according to claim 1, characterised in that sard end-users are 
mobile terminals able to switch between said first modulation type and said 
second modulation type depending on the domain they are moving to. 

5 4/ A method according to one of the claims 1 to 3, characterised in that, said 
first modulation type is 4 QAM and said second modulation type h 16QAM. 

5/ A method according to one of the claims 1 to 4, characterised in that said 
first and second communication channels are channels of a frequency and/or 
10 time and/or code division multiplex scheme. 

6/ A cellular radio-communication system, each cell of which comprising a 
base station and end-users able to communicate with said base station by 
using a first modulation type over a first communication channel, said cell 

I* experiencing on interference lovol from dictam ond ucorc communicating with 
at least one distant base station by using said first communication channel, 
said system being characterised in that end-users located in at least one 
domain of said cell in which said interference level is lower than a predefined 
interference level communicate with said base station by using a second 

20 modulation typo over a eecond communication channel, said second 
modulation type having a higher efficiency than said first modulation type, the 
size and location of said domains in said cell depending on the antenna 
directivity of said distant end-users and on the relative positions of said distant 
base stations and suid bust; skiliun. 

25 
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ABSTRACT 

A METHOD FOR ENHANCING THE CAPACITY OF A CELLULAR 
RADIO COMMUNICATION SYSTEM AND CORRESPONDING 

SYSTEM 



The invention relates to a method for enhancing the capacity of a cellular 
radio-communication sysiem, each cell of which comprising "a base station 
10 and end-users: able to communicate with the base station by using a first 
modulation type over a first communication channel. Any cell experiences 
an interference level from distant end-users communicating with their 
corresponding distant base station by using the same first communication 
channel. 

15 According to the invention, the end-users located in at least one domain of 
the cell in which the interference levet is lower than a predefined 
interference level communicate with tho boco station by ucing a cscond 
modulation type over a second communication channel, where the second 
modulation type has a higher efficiency than said first modulation type. The 

20 size and location of the domains depend on the antenna directivity of the 
end- users and on the relative positions of the distant base stations and the 
base station. 



25 



Fig. 1 
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